
US 20060043386A1 

(12) Patent Application Publication (10) Pub. N0.: US 2006/0043386 A1 
(19) United States 

Furukawa et al. (43) Pub. Date: Mar. 2, 2006 

(54) SEMICONDUCTOR LIGHT-EMITTING 
DEVICE 

(75) Inventors: Kazuyoshi Furukawa, KaWasaki-shi 
(JP); Yoshinori Natsume, 
Yokohama-shi (JP); Wakana 
NishiWaki, KaWasaki-shi (JP) 

Correspondence Address: 
OBLON, SPIVAK, MCCLELLAND, MAIER & 
NEUSTADT, RC. 
1940 DUKE STREET 
ALEXANDRIA, VA 22314 (US) 

(73) Assignee: KABUSHIKI KAISHA TOSHIBA, 
Tokyo (JP) 

(21) Appl. No.: 11/208,638 

(22) Filed: Aug. 23, 2005 

(30) Foreign Application Priority Data 

Aug. 24, 2004 (JP) .................................... .. 2004-243615 

1 

Publication Classi?cation 

(51) Int. Cl. 
H01L 33/00 (2006.01) 

(52) Us. 01. .............................................................. .. 257/79 

(57) ABSTRACT 

A semiconductor light-emitting device including a light 
emitting portion permitting light at a speci?c Wavelength 
and having tWo surfaces opposite each other. The device also 
includes a ?rst type of semiconductor substrate and a second 
type semiconductor substrate Which are integrally joined to 
corresponding surfaces of the light-emitting portion and are 
substantially transparent to the Wavelength. The semicon 
ductor substrates have a joined surface on the surfaces of the 
light-emitting portion and outer side surfaces Which have the 
Width large on a side near the light-emitting portion and 
become narroW on a side aWay from the light-emitting 
portion and further surfaces opposite the joined surfaces. 
The device also includes ?rst and second electrodes Which 
are disposed on the corresponding further surfaces, a semi 
conductor layer in a region of at least one of the semicon 
ductor substrates, and an impurity that causes current How in 
concentrated manner through the middle of the light-emit 
ting portion. 
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SEMICONDUCTOR LIGHT-EMITTING DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of priority under 
35USC §119 to the Japanese patent application No. 2004 
243615, ?led on Aug. 24, 2004, the contents of Which are 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a semiconductor 
light-emitting device. 

[0004] 2. Related Background Art 

[0005] Recent years have seen various proposals of semi 
conductor light-emitting devices made from InGaAlP-based 
materials, Which emit light in a visible region and are Widely 
used in displays and the like. Conventional semiconductor 
light-emitting devices are provided With, for example, an 
InGaAlP-based double heterojunction structure obtained by 
causing an n-type clad layer, an active layer and a p-type 
clad layer to groW epitaxially on an n-type GaAs substrate 
subsequently, an n-side electrode is formed on the bottom 
surface of the n-type GaAs substrate and a p-side electrode 
is provided in a contact layer on the p-type clad layer. 

[0006] By selecting the band gaps and lattice constants of 
the active layer and the n-type/p-type clad layers Which form 
this double heterojunction structure optimally according to 
design values, it is possible to con?ne carriers and to cause 
light to be emitted With a desired Wavelength in a visible-ray 
region in increased ef?ciency. 

[0007] For example, When the composition of the active 
layer Which undergoes epitaxial groWth is expressed by 
InO_5(Ga(1_X)AL;)0_5P and the composition of the n-type/p 
type clad layer is expressed by InO_5(Ga(1_y)Aly)0_5P, light 
emission from the red color band to the green color band can 
be obtained by appropriately selecting the amount of X or Y. 

[0008] A GaAs substrate, Which is the commonest in terms 
of the ease With Which substrate procurement, lattice match 
ing, etc. are performed, is used in InGaAlP-based double 
heterojunction semiconductor light-emitting devices. HoW 
ever, because the band gap Wavelength of GaAs is 0.87 pm, 
the absorption coef?cient of What is called visible light of 
not more than 0.87 pm becomes large and hence for a visible 
light semiconductor light-emitting device, about half the 
emitted light is absorbed in a GaAs substrate and luminance 
decreases. 

[0009] In order to prevent the absorption of emitted visible 
light by a GaAs substrate, it is necessary only that a material 
transparent to visible light be used in the substrate. GaP is 
available as a general transparent semiconductor material. 
HoWever, because a GaP substrate cannot ensure lattice 
matching With an InGaAlP-based material, it is dif?cult to 
cause good epitaxial crystals to groW. For this reason, there 
has been proposed a semiconductor light-emitting device 
Which is fabricated by bonding together an InGaAlP-based 
epitaxial layer Which has groWn on a GaAs substrate and the 
GaP substrate directly in the form of Wafers and removing 
the GaAs substrate thereafter. 
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[0010] With this semiconductor light-emitting device, the 
use of the bonded transparent GaP substrate enables the 
absorption of the emitted visible light to be suppressed and, 
therefore, a decrease in luminance can be prevented com 
pared to a case Where a GaAs substrate is used. Furthermore, 
there have been proposed semiconductor light-emitting 
devices having a substantially spherical shape as a general 
Which are constituted by a substantially semispherical trans 
parent p-type GaP bonded substrate, a substantially semi 
spherical n-type GaP bonded substrate, and a light-emitting 
diode layer (corresponding to a light-emitting layer forming 
portion, Which Will be described later) formed from an 
epitaxial layer sandWiched betWeen the tWo in order to 
increase luminance, i.e., the light extraction ef?ciency (refer 
to, for example, the Japanese Patent Laid-Open No. 2002 
190619 (page 4, FIG. 

[0011] In this disclosed semiconductor light-emitting 
device, because the ratio at Which the emitted visible light is 
absorbed by a substrate is very loW and because of the 
spherical outer shape, it is expected that the ratio at Which 
the visible light Which is emitted in the middle part near the 
center of the sphere can be taken out to the outside of the 
semiconductor light-emitting device also increases. HoW 
ever, because in the case of the light Which is emitted in the 
light-emitting layer present near the spherical surface off the 
center, the ratio at Which an angle at Which the light becomes 
incident on the spherical surface deviates greatly from 90 
degrees increases, the light Which can be taken out to the 
outside of the semiconductor light-emitting device 
decreases. Speci?cally, although the ratio at Which an input 
ted current is used for light emission in the middle part of the 
sphere is high from Where the visible light can be taken out 
to the outside With good ef?ciency due to the spherical outer 
shape, the current also ?oWs into the light-emitting layer 
present near the spherical surface from Which the light 
cannot be taken out to the outside With good ef?ciency even 
With the spherical outer shape, thereby posing the problem 
that luminance is not insuf?cient for the inputted current. In 
other Words, the problem Was that the quantity of light Which 
is capable of being taken out is small for an inputted current. 

SUMMARY OF THE INVENTION 

[0012] According to a ?rst aspect of the present invention, 
there is provided a semiconductor light-emitting device, 
comprising: 

[0013] a light-emitting layer forming portion Which has 
a pn-junction permitting light emission at a speci?c 
Wavelength and has tWo principal surfaces opposite 
each other; 

[0014] a semiconductor substrate of a ?rst conductivity 
type Which is integrally joined to one principal surface 
of the light-emitting layer forming portion and is sub 
stantially transparent to the Wavelength, the semicon 
ductor substrate of the ?rst conductivity type having a 
joined surface on the one principal surface of the 
light-emitting layer forming portion, an outer side 
surface Which is inclined so that the Width is large on 
a side near the light-emitting layer forming portion and 
becomes narroW on a side aWay from the light-emitting 
layer forming portion and a further surface opposite the 
joined surface of the semiconductor substrate of the 
?rst conductivity type; 
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[0015] a ?rst electrode Which is disposed on the further 
surface of the semiconductor substrate of the ?rst 
conductivity type; 

[0016] a semiconductor substrate of a second conduc 
tivity type Which is integrally joined to the other 
principal surface of the light-ernitting layer forming 
portion and is substantially transparent to the Wave 
length, the second conductivity being reverse to the 
?rst conductivity, the semiconductor substrate of the 
second conductivity type having a joined surface on the 
other principal surface of the light-ernitting layer form 
ing portion, an outer side surface Which is inclined so 
that the Width is large on a side near the light-ernitting 
layer forming portion and becomes narroW on a side 
away from the light-ernitting layer forming portion and 
a further surface opposite the joined surface of the 
semiconductor substrate of the second conductivity 
type; 

[0017] a second electrode Which is disposed on the 
further surface of the semiconductor substrate of the 
second conductivity type; and 
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[0024] a second electrode Which is disposed on the 
further surface of the semiconductor substrate of the 
second conductivity type; and 

[0025] a semiconductor layer formed in a middle part of 
the joined surface of at least one of the semiconductor 
substrate of the ?rst conductivity type and the semi 
conductor substrate of the second conductivity type, an 
impurity of the same conductivity type as the conduc 
tivity type of the semiconductor substrate on Which the 
semiconductor layer is formed being introduced in the 
semiconductor layer so as to have a higher carrier 
concentration than portions other than the middle part 
of the semiconductor substrate on Which the sernicon 
ductor layer is formed; 

[0026] at least one of the semiconductor substrate of the 
?rst conductivity type and the semiconductor substrate 
of the second conductivity type having an outer side 
surface Which is inclined so that the Width is large on 
a side near the light-ernitting layer forming portion and 
becomes narroW on a side away from the light-ernitting 
layer forming portion. 

[0027] According to a third aspect of the present inven 
tion, there is provided a semiconductor light-ernitting device 
comprising: 

[0018] a semiconductor layer selectively formed in a 
region of at least one of the semiconductor substrate of 
the ?rst conductivity type and the semiconductor sub- _ _ _ _ _ _ 

strate of the second conductivity type, an impurity [0028] _ a 11g_ht'em1tt1I_1g_1ayer_ formlng PPmOn Whlch has 
being introduced into the semiconductor layer so that a a pn'luncnon Permlmng hght emlsslon at a Specl?c 
current is caused to How in concentrated rnanner Wavelength and has two Principal Surfaces Opposite 
through a middle part of the principal surfaces of the each other; 
light-ernitting layer forming portion via the ?rst elec- [0029] a semiconductor substrate of a ?rst conductivity 
trode and the second electrode. type Which is integrally joined to one principal surface 

of the light-ernitting layer forming portion and is sub 
stantially transparent to the Wavelength, the sernicon 
ductor substrate of the ?rst conductivity type having a 
joined surface on the one principal surface of the 
light-ernitting layer forming portion, an outer side 
surface Which is inclined so that the Width is large on 
a side near the light-ernitting layer forming portion and 
becomes narroW on a side away from the light-ernitting 
layer forming portion and a further surface opposite the 
joined surface of the semiconductor substrate of the 
?rst conductivity type; 

[0030] a ?rst electrode Which is disposed on the further 
surface of the semiconductor substrate of the ?rst 
conductivity type; 

[0019] According to a second aspect of the present inven 
tion, there is provided a semiconductor light-ernitting device 
comprising: 

[0020] a light-ernitting layer forming portion Which has 
a pn-junction perrnitting light emission at a speci?c 
Wavelength and has tWo principal surfaces opposite 
each other; 

[0021] a semiconductor substrate of a ?rst conductivity 
type Which is integrally joined to one principal surface 
of the light-ernitting layer forming portion and is sub 
stantially transparent to the Wavelength, the sernicon 
ductor substrate of the ?rst conductivity type having a 
joined surface on the one principal surface of the 
light-ernitting layer forming portion and a further sur 
face opposite the joined surface of the semiconductor 
substrate of the ?rst conductivity type; 

[0031] a semiconductor substrate of a second conduc 
tivity type Which is integrally joined to the other 
principal surface of the light-ernitting layer forming 
portion and is substantially transparent to the Wave 
length, the second conductivity being reverse to the 
?rst conductivity, the semiconductor substrate of the 
second conductivity type having a joined surface on the 
other principal surface of the light-ernitting layer form 
ing portion, an outer side surface Which is inclined so 
that the Width is large on a side near the light-ernitting 

[0022] a ?rst electrode Which is disposed on the further 
surface of the semiconductor substrate of the ?rst 
conductivity type; 

[0023] a semiconductor substrate of a second conduc 
tivity type Which is integrally joined to the other 
principal surface of the light-ernitting layer forming 
portion and is substantially transparent to the Wave 
length, the second conductivity being reverse to the 
?rst conductivity, the semiconductor substrate of the 
second conductivity type having a joined surface on the 
other principal surface of the light-ernitting layer form 
ing portion and a further surface opposite the joined 
surface of the semiconductor substrate of the second 
conductivity type; 

layer forming portion and becomes narroW on a side 
away from the light-ernitting layer forming portion and 
a further surface opposite the joined surface of the 
semiconductor substrate of the second conductivity 
type; and 

[0032] a second electrode Which is disposed on the 
further surface of the semiconductor substrate of the 
second conductivity type; 
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[0033] at least one of the semiconductor substrate of the 
?rst conductivity type and the semiconductor substrate 
of the second conductivity type having an interstice 
located near the outer side surface on a side close to the 
light-emitting layer forming portion and around the 
joined surface on the principal surface of the light 
emitting layer forming portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1A is a sectional vieW Which schematically 
shoWs the construction of a semiconductor light-emitting 
device related to the ?rst embodiment of the present inven 
tion; 
[0035] FIG. 1B is a plan vieW Which schematically shoWs 
the construction of a semiconductor light-emitting device 
related to the ?rst embodiment of the present invention; 

[0036] FIG. 1C is a partial sectional vieW of a semicon 
ductor light-emitting device related to the ?rst embodiment 
of the present invention; 

[0037] FIGS. 2A to 3C are each a vieW Which schemati 
cally shoWs a method of manufacturing a semiconductor 
light-emitting device related to the ?rst embodiment of the 
present invention in order of step; 

[0038] Each of FIGS. 4A and 4B is a sectional vieW 
Which schematically shoWs the construction of a semicon 
ductor light-emitting device related to the second embodi 
ment of the present invention; 

[0039] FIG. 5 is a sectional vieW Which schematically 
shoWs the construction of a semiconductor light-emitting 
device related to the third embodiment of the present inven 
tion; 
[0040] FIG. 6 is a sectional vieW Which schematically 
shoWs the construction of a semiconductor light-emitting 
device related to the fourth embodiment of the present 
invention; and 

[0041] FIG. 7 is a plan vieW Which schematically shoWs 
the construction of a semiconductor light-emitting device 
related to the fourth embodiment of the present invention 
during the manufacturing thereof. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] Embodiments of the present invention Will be 
described beloW by referring to the draWings. In the draW 
ings shoWn beloW, like reference numerals refer to like 
component elements. 

Embodiment 1 

[0043] A semiconductor light-emitting device related to 
the ?rst embodiment of the present invention, including a 
manufacturing method thereof, Will be described by refer 
ring to FIGS. 1A to 3C. FIGS. 1A to 1C schematically shoW 
the construction of the semiconductor light-emitting device. 
FIG. 1A is a sectional vieW, FIG. 1B is a plan vieW, FIG. 
1A is a sectional vieW taken along the line A-A of FIG. 1B, 
and FIG. 1C is a partial sectional section in Which the part 
of epitaXial layers is enlarged. FIGS. 2A to 2D are each a 
sectional vieW of layer construction Which schematically 
shoWs a method of manufacturing the semiconductor light 
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emitting device in order of step and FIGS. 3A to 3C are each 
a vieW Which schematically shoWs the method of manufac 
turing the semiconductor light-emitting device in order of 
step after the step shoWn in FIG. 2D. 

[0044] First, as shoWn in FIG. 1A, the main part of a 
semiconductor light-emitting device 1 is provided With a 
light-emitting layer forming portion 30 including an active 
layer, a p-type GaP Wafer 11, Which is a semiconductor 
substrate of the ?rst conductivity type, Which forms a 
junction With one principal surface of this light-emitting 
layer forming portion 30, forms n-type inversion layer 21 in 
a neighboring part in the vicinity of a junction surface and 
has an outer side surface the Width of Which becomes narroW 
as it becomes aWay from the junction surface, an n-type GaP 
Wafer 12 of the second conductivity type Which forms a 
junction With the other principal surface of this light 
emitting layer forming portion 30 and has an outer side 
surface the Width of Which becomes narroW as it becomes 
aWay from the junction surface, a p-side electrode 41 Which 
is formed on a surface on the opposite side of a surface 
opposed to the light-emitting layer forming portion 30 of the 
p-type GaP Wafer 11, and an n-side electrode 42 Which is 
formed on a surface on the opposite side of a surface 
opposed to the light-emitting layer forming portion 30 of the 
n-type GaP Wafer 12. Furthermore, the inversion layer 21, 
Which is a semiconductor layer, is formed in the p-type GaP 
Wafer 11 layer in a manner adjoining the light-emitting layer 
forming portion 30. 

[0045] More particularly, the middle part of the p-type 
GaP Wafer 11 having an energiZable carrier concentration, 
Which forms a junction With the upper side of the draWing 
shoWn in FIG. 1A, i.e., With the principal surface on the 
upper side of the light-emitting layer forming portion 30 is 
rectangular. The part of this rectangular p-type middle part 
along the light-emitting layer forming portion 30 and near 
the light-emitting layer forming portion 30 is the inversion 
layer 21 the conductivity type of Which is inverted into the 
n-type, for eXample, by ion implantation. The inversion 
layer 21 in contact With this light-emitting layer forming 
portion 30 de?nes a rectangular boundary along the light 
emitting layer forming portion 30, as indicated by the broken 
lines of FIG. 1B. The area of this rectangle is preferably 
approximately 1A1 to 1/10 of the Whole area Which forms a 
junction With the light-emitting layer forming portion 30 
including the inversion layer 21, and this area is about 1/6 in 
this embodiment. 

[0046] The outer shape of the p-type GaP Wafer 11 is a 
polyhedron constituted by a surface on Which the p-side 
electrode 41 is formed and Which is parallel to the light 
emitting layer forming portion 30, four surfaces perpendicu 
lar to the light-emitting layer forming portion 30, and four 
surfaces Which are each formed so as to produce an angle of 
about 120 degrees With these four perpendicular surfaces 
and the surface on Which the p-side electrode 41 is formed. 

[0047] The light-emitting layer forming portion 30 present 
in the middle part in the vertical direction of the draWing 
shoWn in FIG. 1A is formed from epitaXial groWth layers. 
As shoWn in FIG. 1C, the light-emitting layer forming 
portion 30 is constituted by an active layer 35 in the middle, 
a p-type clad layer 36 provided on one surface of the active 
layer 35, a ?rst bonded layer 37 provided on a surface of this 
p-type clad layer 36, an n-type clad layer 34 provided on the 
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other side of the active layer 35 opposed to one surface 
thereof, and a second bonded layer 33 provided on a surface 
of this n-type clad layer 34. Incidentally, it is possible to 
omit both or one of the ?rst bonded layer 37 and the second 
bonded layer 33. 

[0048] The n-type GaP Wafer 12 having an energiZable 
carrier concentration, Which forms a junction With the loWer 
side shoWn in FIG. 1A, i.e., With the principal surface the 
loWer side of the light-emitting layer forming portion 30 is 
in substantially plane relation to the p-type GaP Wafer 11 
With respect to the light-emitting layer forming portion 30. 
The four surfaces perpendicular to the light-emitting layer 
forming portion 30 of the n-type GaP Wafer 12 are each 
formed so as to form the same plane surfaces as the four 
surfaces perpendicular to the light-emitting layer forming 
portion 30 of the p-type GaP Wafer 11. Therefore, appar 
ently, the number of the surfaces perpendicular to the 
light-emitting layer forming portion 30 can be regarded as to 
be four and, as a result, the outer shape of the semiconductor 
light-emitting device 1 becomes a roughly 14-hedron. 

[0049] Next, the details of the component elements of the 
semiconductor light-emitting device 1 Will be described With 
reference to FIGS. 2A to 3C in order of manufacturing 
process of the semiconductor light-emitting device 1. As 
shoWn in FIG. 2A, epitaxial groWth layers are formed by 
using, for example, a knoWn MOCVD (metal organic 
chemical vapor deposition) apparatus and the like. 

[0050] A Si doped n-type GaAs substrate 28 in the form of 
a Wafer having a diameter of 3 inches (about 76 mm) is 
prepared, and epitaxially groWn are an about 0.5 pm thick 
buffer layer 31 formed from n-type GaAs on a surface of the 
n-type GaAs substrate 28, an about 0.05 pm thick etching 
stop layer 32 formed from n-type InAlP on a surface of the 
buffer layer 31, an about 0.05 pm thick second bonded layer 
33 formed from n-type InGaP on a surface of the etching 
stop layer 32, an about 0.6 pm thick n-type clad layer 34 
formed from n-type InGaAlP on a surface of the second 
bonded layer 33, an about 0.4 pm thick active layer 35 
formed from InGaAlP on a surface of the n-type clad layer 
34, an about 0.6 pm thick p-type clad layer 36 formed from 
p-type InGaAlP on a surface of the active layer 35, an about 
0.05 pm thick ?rst bonded layer 37 formed from p-type 
GaAs on a surface of the clad layer 36, and an about 0.15 pm 
thick cover layer 38 formed from InAlP on a surface of the 
?rst bonded layer 37. 

[0051] These epitaxial groWth layers may be active layers 
of MQW (multi-quantum Well) structure as required, or a 
current diffusion layer and the like may be added. Also, for 
example, the n-type/p-type clad layers 34, 36 may also be 
replaced With a ternary layer. 

[0052] Next, as shoWn in FIG. 2B, a p-type GaP Wafer 11 
is integrally joined to the ?rst bonded layer 37. First, the 
p-type GaP Wafer 11 Which has a diameter of 3 inches and 
a thickness of 250 pm and Which has been Zn doped to a 
concentration of 3 E17/cm3 is patterned so as to ensure a 
region Which becomes a current channel as a light-emitting 
device When separated into individual devices, and in a 
region around a region Which becomes a rectangular current 
channel, an n-type inversion layer 21 is formed to make 
preparations, for example, by the ion implantation of Si. 

[0053] The epitaxially groWn n-type GaAs substrate 28 is 
taken out of the MOCVD (metal organic chemical vapor 
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deposition) apparatus in Wafer condition and the cover layer 
38 on the surface is removed by etching With phosphoric 
acid, With the result that the ?rst bonded layer 37 is exposed 
to the surface. 

[0054] The prepared p-type GaP Wafer 11 is cleaned With 
a surfactant, immersed in dilute hydro?uoric acid to remove 
a natural oxide ?lm on the surface and dried on a spinner 
after rinsing With Water. As With the p-type GaP Wafer 11, the 
?rst bonded layer 37 is subjected to treatment With dilute 
hydro?uoric acid to remove a natural oxide layer on the 
surface and dried on a spinner after rinsing With Water. 

[0055] Next, With the ?rst bonded layer 37 set so as to face 
upWard and With the p-type GaP Wafer 11 placed on the ?rst 
bonded layer 37 so that the surface of the p-type GaP Wafer 
11 to be bonded faces doWnWard, the ?rst bonded layer 37 
and the p-type GAP Wafer 11 are bonded together at room 
temperature. In order to increase the bonding strength 
betWeen the ?rst bonded layer 37 and the p-type GaP Wafer 
11, for example, the ?rst heat treatment is performed in a 
furnace in an argon atmosphere containing 10% hydrogen at 
300° C. for 1 hour. The temperature of the ?rst heat 
treatment is preferably in the range of not less than 150° C. 
but less than 600° C. and more preferably in the range of not 
less than 200° C. but not more than 500° C. The effect of an 
increase in the bonding strength begins to be obtained at 
150° C. and becomes remarkable at not less than 200° C. 
When the temperature of the ?rst heat treatment exceeds 
500° C., a difference in thermal expansion betWeen the 
n-type GaAs substrate 28 and the p-type GaP Wafer 11 and 
during the heat treatment, slip may sometimes occur in the 
p-type GaP Wafer 11. Slip occurs in more than half of Wafers 
at not less than 600° C. 

[0056] Next, as shoWn in FIG. 2C, the portions Which do 
not relate to light emission or bonding on the side of the 
n-type GaAs substrate 28 used as an epitaxial groWth 
substrate are removed. The n-type GaAs substrate 28 and the 
buffer layer 31 are removed by etching With a mixed liquid 
of ammonia and an aqueous solution of hydrogen peroxide. 
After that, the etching stop layer 32 is removed, for example, 
by etching With phosphoric acid at 70° C. and the second 
bonded layer 33 is exposed to the surface. 

[0057] Next, as shoWn in FIG. 2D, an n-type GaP Wafer 
12 is integrally joined to the second bonded layer 33. Here, 
the second bonded layer 33 is cleaned With a surfactant, 
immersed in dilute hydro?uoric acid to remove a natural 
oxide ?lm on the surface and dried on a spinner after rinsing 
With Water. The n-type GaP Wafer 12 Which has a diameter 
of 3 inches and a thickness of 250 pm and Which has been 
Si doped With a concentration of 3 E17/cm3 is subjected to 
the same treatment as With the above-described p-type GaP 
Wafer 11. With the second bonded layer 33 set so as to face 
upWard and With the n-type GaP Wafer 12 placed on the 
second bonded layer 33 so that the surface of the n-type GaP 
Wafer 12 to be bonded faces doWnWard, the second bonded 
layer 33 and the n-type GaP Wafer 12 are bonded together at 
room temperature. 

[0058] After that, the second heat treatment is performed 
in a furnace in an argon atmosphere containing 10% hydro 
gen at 800° C. for 1 hour, Whereby a junction is formed 
betWeen the second bonded layer 33 and the n-type GaP 
Wafer 12 and betWeen the ?rst bonded layer 37 and the 
p-type GaP Wafer 11 to ensure suf?cient mechanical strength 
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and electrical junction. At this stage, a structure is obtained 
in Which the light-ernitting layer forming portion 30 formed 
from epitaxial layers is bonded to the p-type and n-type GaP 
Wafers 11 and 12 from both sides thereof. 

[0059] Incidentally, it is preferred that the temperature of 
the second heat treatment be in the range of 600° C. to 900° 
C. If the heat treatment temperature is less than 600° C., the 
junction reaction at the bonded interface is insuf?cient and 
thus resulting in insuf?cient mechanical strength and the 
electric resistance remains to be in a high condition. Con 
versely, if the heat treatment temperature exceeds 900° C., 
the structure of the light-ernitting layer forming portion 30 
collapses due to the diffusion of atoms and luminance 
decreases rernarkably. 

[0060] Next, as shoWn in FIG. 3A, electrodes are formed 
on outer side surfaces parallel to the light-ernitting layer 
forming portion 30 of the p-type GaP Wafer 11 and the 
n-type GaP Wafer 12. On the outer side surface of the p-type 
GaP Wafer 11 opposed to a p-type region which becomes a 
rectangular current channel along the light-ernitting layer 
forming portion 30 of the p-type GaP Wafer 11, patterning is 
performed, AuZn/Au are deposited and heat treatment is 
performed, Whereby a p-side electrode 41 is formed. 

[0061] Next, on the outer side surface of the n-type GaP 
Wafer 12 opposed to the p-side electrode 41 of the n-type 
GaP Wafer 12, patterning is performed, AuGe/Au are depos 
ited and heat treatment is performed, Whereby an n-side 
electrode 42 is formed. In both the p-side and n-side 
electrodes 41, 42, the spacing betWeen adjacent electrodes is 
500 urn. The shape of the p-side electrode 41 is a circle 
having a diameter of 100 urn and the shape of the n-side 
electrode 42 is a rectangle having a side of 200 urn. 

[0062] Next, as shoWn in FIGS. 3B and 3C, the structure 
provided With the p-side and n-side electrodes 41, 42 is 
separated into individual serniconductor light-ernitting 
devices 1. The p-side and n-side electrodes 41, 42 are 
disposed in the center position of the surfaces on Which these 
electrodes are formed after separation into individual 
devices. In separation into individual devices, a diamond 
blade (not shoWn) having a V-shaped section With a blade tip 
angle of 60 degrees is prepared and V-shaped grooves 
having a depth of, for example, about 240 urn are formed in 
gridiron shape by use of a dicer (not shoWn) starting from 
one surface of the structure provided With electrodes. Inci 
dentally, the side opposite to the side Where the V-shaped 
grooves are formed is protected, for example, With an 
adhesive tape (not shoWn). 

[0063] Next, starting from the other surface of the struc 
ture, V-shaped grooves having a depth of, for example, about 
240 urn are formed in gridiron shape. The V-shaped grooves 
forrned starting from the tWo surfaces are in a positional 
relation Which is opposed vertically in the ?gure, With the 
light-ernitting layer forming portion 30 present betWeen 
these grooves. Portions which remain Without being sepa 
rated because of opposed V-shaped grooves are separated by 
cleavage on an adhesive tape (not shoWn) Which has been 
re-applied on the opposite side. As a result, a semiconductor 
light-ernitting device 1 as shoWn in FIG. 1A is completed. 

[0064] After the p-side electrode 41 and the n-side elec 
trode 42 are each brought into a condition perrnitting con 
nection With an outer poWer source for driving, this serni 
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conductor light-ernitting device 1 is sealed, usually, With 
epoxy resin (not shoWn) and used. 

[0065] When the semiconductor light-ernitting device 1 is 
energiZed from the p-side electrode 41 and n-side electrode 
42 thereof, the current ?oWs selectively through the part of 
the p-type in Which the inversion layer 21 is not present 
because the current is cut off in the part of the inversion layer 
21. As a result, the current channel is limited to the middle 
part of the light-ernitting layer forming portion 30. There 
fore, injected carriers bond again in a concentrated manner 
in the active layer 35 in the middle part of this light-ernitting 
layer forming portion 30 and emit light. The area of the 
light-ernitting portion in the middle part is about 1/6 of the 
junction surface of the light-ernitting layer forming portion 
30. The light emitted in all directions from the active layer 
35 becomes incident on the substantially transparent p-type 
and n-type GaP Wafers 11, 12 from the light-ernitting layer 
forming portion 30 and advances to the interface Which 
de?nes the outer shape of the p-type and n-type GaP Wafers 
11, 12. 

[0066] When light is taken from a GaP Wafer into an 
epoxy resin, as is knoWn Well, it is necessary that the 
incident angle be not more than about 27 degrees (critical 
angle) because of the difference in the refractive angle. For 
example, the light Which is emitted substantially perpen 
dicularly from the light-ernitting layer forming portion 30 
limited to the middle part, is taken out, at a critical angle of 
not more than about 27 degrees, from the interface at Which 
the p-side or n-side electrode 41, 42 parallel to the light 
ernitting layer forming portion 30 to the outside and part of 
the light is re?ected from the p-side or n-side electrode 41, 
42 and taken out to the outside from the opposite direction. 
The light Which is focused on the middle part and radiated 
from the light-ernitting layer forming portion 30 in a direc 
tion of an inclined surface of about 120 degrees from the 
interface at Which the p-side or n-side electrode 41, 42 is 
formed, has a high percentage at Which the light becornes 
incident at angles of not more than the critical angle of about 
27 degrees and is taken out from the inclined surface to the 
outside. 

[0067] For comparison, the ?rst cornparative serniconduc 
tor light-ernitting device (not shoWn) Was fabricated in 
Which the inversion layer 21 is not formed in the sernicon 
ductor light-ernitting device 1 and all other constituent 
features are the same as the semiconductor light-ernitting 
device 1. It became apparent that the luminance of the 
semiconductor light-ernitting device 1 relative to inputted 
poWer, i.e., the light extraction efficiency is about 25% better 
than in the ?rst cornparative serniconductor light-ernitting 
device. As a result, Wider applications of the semiconductor 
light-ernitting device 1 become possible for portable equip 
rnent for Which the light extraction ef?ciency is important. 

[0068] In the semiconductor light-ernitting device 1, the 
light-ernitting portion is limited to the middle part of the 
light-ernitting layer forming portion 30 by narroWing the 
current channel connecting the p-side electrode 41 and the 
n-side electrode 42 together, Whereby an increase in the light 
extraction ef?ciency could be achieved. Incidentally, 
although the limitation of the current channel was performed 
by providing the inversion layer 21, the limitation of the 
current channel can also be realiZed, for example, by option 
ally selecting the quantity of implanted ions or the kind of 
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ion thereby to form a high-resistance layer in a position 
corresponding to the inversion layer 21. 

Embodiment 2 

[0069] A semiconductor light-emitting device related to 
the second embodiment of the present invention Will be 
described by referring to FIGS. 4A and 4B. FIGS. 4A and 
4B are each a sectional vieW Which schematically shoWs the 
construction of a semiconductor light-emitting device. As 
shoWn in FIGS. 4A and 4B, this embodiment differs from 
the ?rst embodiment in that the middle part of the GaP Wafer 
is selectively bonded to the light-emitting layer forming 
portion 30. Hereafter, the same component parts as in the 
?rst embodiment are designated by like reference numerals, 
their descriptions are omitted, and only different component 
parts are described. 

[0070] First, as shoWn in FIG. 4A, the main part of a 
semiconductor light-emitting device 2 is provided With a 
light-emitting layer forming portion 30 including an active 
layer, a p-type GaP Wafer 13 of the ?rst conductivity type, 
Which has a projection 22 forming a junction With the middle 
part of one principal surface of this light-emitting layer 
forming portion 30, an n-type GaP Wafer 12 of the second 
conductivity type Which forms a junction With the other 
principal surface of this light-emitting layer forming portion 
30, a p-side electrode 41 Which is formed on a surface on the 
opposite side of a surface opposed to the light-emitting layer 
forming portion 30 of the p-type GaP Wafer 13, and an n-side 
electrode 42 Which is formed on a surface on the opposite 
side of a surface opposed to the light-emitting layer forming 
portion 30 of the n-type GaP Wafer 12. The outer shape of 
the semiconductor light-emitting device 2 is the same as in 
the ?rst embodiment, With the exception that narroW inter 
stices are added adjacent to the light-emitting layer forming 
portion 30 near the exterior of the p-type GaP Wafer 13. 

[0071] More particularly, the p-type GaP Wafer 13 in 
Which a projection 22 is formed and has an energiZable 
carrier concentration is bonded, via the projection 22, to the 
middle part of the principal surface of the upper side of the 
light-emitting layer forming portion 30. This projection 22 
of the p-type GaP Wafer 13 is formed by making recesses in 
portions around the projection 22 to be left, for example, by 
etching and it is preferred that the projection 22 has an area 
of approximately 1A1 to 1/10 of the Whole area of the principal 
surface of the light-emitting layer forming portion 30 to 
Which the p-type GaP Wafer 13 is bonded. With the excep 
tion of the projection 22 of the junction part and the recesses 
around the projection 22, the p-type GaP Wafer 13 is a 
polyhedron constituted by a surface on Which the p-side 
electrode 41 is formed and Which is parallel to the light 
emitting layer forming portion 30, four surfaces perpendicu 
lar to the light-emitting layer forming portion 30, and four 
surfaces Which are each formed so as to produce an angle of 
about 120 degrees With these four perpendicular surfaces 
and the surface on Which the p-side electrode 41 is formed. 

[0072] The manufacturing method of the semiconductor 
light-emitting device 2 in Which these p-type and n-type GaP 
Wafers 13, 12 are used is the same as in the ?rst embodiment. 

[0073] When the semiconductor light-emitting device thus 
fabricated 2 is energiZed from the p-side electrode 41 and 
n-side electrode 42 thereof, the current ?oWs through the 
middle part of the light-emitting layer forming portion 30 
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via the projection 22. As a result, the current channel is 
limited to the middle part of the light-emitting layer forming 
portion 30, and the same effect as in the ?rst embodiment 
can be obtained. Hence the luminance of the semiconductor 
light-emitting device 2 With respect to inputted poWer, i.e., 
the light extraction efficiency is almost the same as in the 
?rst embodiment. 

[0074] Next, in FIG. 4B, both of the principal surfaces of 
the p-type and n-type GaP Wafers 13, 12 on the light 
emitting layer forming portion 30 side are formed ?at and 
the light-emitting layer forming portion 30 is formed With 
almost the same area as the projection 22 of the p-type GaP 
Wafer 13 of FIG. 4A and integrally bonded to the p-type and 
n-type GaP Wafers 13, 12 by being aligned With the center 
part of the principal surfaces of the p-type and n-type GaP 
Wafers 13, 12 on the light-emitting layer forming portion 30 
side. As a result of this, the principal surfaces of the p-type 
and n-type GaP Wafers 13, 12 on the light-emitting layer 
forming portion 30 side are opposed to each other around the 
junction surface With the light-emitting forming part 30 near 
the outer side surface via narroW interstices. The area of the 
light-emitting layer forming portion 30 is about 1A to about 
1/20 of the area of the principal surfaces of the p-type and 
n-type GaP Wafers 13, 12 on the light-emitting layer forming 
portion 30 side. Other constituent features and shape of the 
semiconductor light-emitting device 2 shoWn in FIG. 4B are 
substantially the same as With the semiconductor light 
emitting device 2 shoWn in FIG. 4A. 

[0075] The manufacturing method of the semiconductor 
light-emitting device 2 shoWn in FIG. 4B includes the 
removal of portions Which become the interstices of the 
light-emitting layer forming portion 30, for example, by 
etching before the p-type or n-type GaP Wafer 13, 12 is 
bonded to the light-emitting forming part 30. Instead of 
removing the portions of the light-emitting forming portion 
30 before the p-type or n-type GaP Wafer 13, 12 is bonded 
thereto by etching, after the bonding of the light-emitting 
layer forming portion 30 having the same area as the 
light-emitting layer forming portion 30 of FIG. 4A to the 
p-type GaP Wafer 13 and the n-type GaP Wafer 12 and the 
separating into individual devices, the siZe of the light 
emitting layer forming portion 30 may be reduced until the 
light-emitting layer forming portion 30 obtains the area 
shoWn in FIG. 3B by selectively removing the peripheral 
part of the light-emitting layer forming portion 30 by etching 
from the outer side surface. 

[0076] When the semiconductor light-emitting device 2 of 
FIG. 4B thus formed is energiZed from the p-side electrode 
41 and the n-side electrode 42, the current ?oWs through the 
middle part of the p-type and n-type GaP Wafers 13, 12 via 
the light-emitting forming portion 30 betWeen the tWo. As a 
result, the limiting of the current channel is realiZed and the 
luminance of the semiconductor light-emitting device 2 
relative to inputted poWer, i.e., the light extraction ef?ciency 
is almost the same as in the ?rst embodiment. 

Embodiment 3 

[0077] A semiconductor light-emitting device related to 
the third embodiment of the present invention Will be 
described by referring to FIG. 5. FIG. 5 is a sectional vieW 
Which schematically shoWs the construction of a semicon 
ductor light-emitting device. As shoWn in FIG. 5, this 
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embodiment differs from the ?rst embodiment in that a layer 
of high carrier concentration, Which is a semiconductor 
layer, is formed adjacent to the middle part of the light 
emitting layer forming portion 30. Hereafter, the same 
component parts as in the ?rst embodiment are designated 
by like reference numerals, their descriptions are omitted, 
and only different component parts are described. 

[0078] First, as shoWn in FIG. 5, the main part of a 
semiconductor light-emitting device 3 is provided With a 
light-emitting layer forming portion 30 including an active 
layer, a p-type GaP Wafer 15 of the ?rst conductivity type, 
Which forms a junction With one principal surface of this 
light-emitting layer forming portion 30, an n-type GaP Wafer 
16 of the second conductivity type Which forms a junction 
With the other principal surface of this light-emitting layer 
forming portion 30 and forms an n-type high carrier con 
centration layer 23 in a middle part of the junction surface, 
a p-side electrode 41 Which is formed on a surface on the 
opposite side of a surface opposed to the light-emitting layer 
forming portion 30 of the p-type GaP Wafer 15, and an n-side 
electrode 42 Which is formed on a surface on the opposite 
side of a surface opposed to the light-emitting layer forming 
portion 30 of the n-type GaP Wafer 16. The outer shape of 
the semiconductor light-emitting device 3 is the same as in 
the ?rst embodiment. 

[0079] More particularly, the p-type GaP Wafer 15 having 
an energiZable carrier concentration is bonded to the upper 
side of the draWing shoWn in FIG. 5, i.e., With the principal 
surface of the upper side of the light-emitting layer forming 
portion 30. The p-type GaP Wafer 15 is a polyhedron 
constituted by a surface on Which the p-side electrode 41 is 
formed and Which is parallel to the light-emitting layer 
forming portion 30, four surfaces perpendicular to the light 
emitting layer forming portion 30, and four surfaces Which 
are each formed so as to produce an angle of about 120 
degrees With these four perpendicular surfaces and the 
surface on Which the p-side electrode 41 is formed. 

[0080] In the region of the center part of the n-type GaP 
Wafer 16 Which forms a junction With the loWer side of the 
draWing shoWn in FIG. 5, i.e., the principal surface of the 
loWer side of the light-emitting layer forming portion 30, a 
high carrier concentration layer 23 Which is doped With an 
n-type impurity at a high concentration is formed so that a 
current is concentrated compared to the peripheral part 
having a relatively loW carrier concentration. 

[0081] A description Will be given here of the knoWledge 
obtained by the present inventors and others about a mecha 
nism by Which a current is concentrated on the middle part 
of the light-emitting forming layer 30 by forming the high 
carrier concentration layer 23. The mechanism by Which a 
current is concentrated on the middle part is not only due to 
a high carrier concentration and loW resistance, but also 
related to a high carrier concentration at a bonding interface. 
When the n-type GaP Wafer 16 of this embodiment and the 
light-emitting layer forming portion 30 are bonded together, 
the carrier concentration at the bonding interface has a great 
effect on a resistance value obtained When energiZation is 
performed by crossing the bonding interface. That is, by 
setting the carrier concentration at a high value, generally, at 
not less than 1 E18/cm3, it is possible to reduce the interface 
resistance to a level incapable of being detected. 

[0082] On the other hand, in the case of a relatively loW 
carrier concentration of less than 1 E18/cm3, the interface 
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resistance becomes remarkable and, for eXample, at 1 E17/ 
cm3, current does not come up until applied voltages rise to 
3 to 4 V. Although this mechanism has not been completely 
clari?ed, it might be thought that there are many electrical 
defects at the bonding interface and that in order to capture 
carriers, it is necessary to bury the defects With a suf?cient 
number of carriers. When dissimilar materials are bonded as 
in this embodiment, barrier layers called kink occur because 
of different band gaps on both sides of the bonding interface. 
And it might be thought that this is also one of the causes. 
It might be thought that this mechanism has a bearing on the 
case of bonding Wafers together and on other energiZation 
types. 

[0083] Therefore, by raising the carrier concentration of 
the bonding interface in a portion to be energiZed, desirably 
to not less than 1 E18/cm3, current can be concentrated on 
this portion. The high carrier concentration layer 23 Which 
forms a junction With this light-emitting layer forming 
portion 30 has a roughly rectangular boundary in the spread 
ing direction along the light-emitting layer forming portion 
30, and it is preferred that the area of this rectangle be 
approximately 1A1 to 1/10 of the Whole area forming a junction 
With the light-emitting layer forming portion 30. In this 
embodiment, this area is about 1/6. The four surface perpen 
dicular to the light-emitting layer forming portion 30 of the 
n-type GaP Wafer 16 are each formed so as to form the same 
plane surfaces as the four surfaces perpendicular to the 
light-emitting layer forming portion 30 of the p-type GaP 
Wafer 15. Therefore, apparently, the number of the surfaces 
perpendicular to the light-emitting layer forming portion 30 
can be regarded as to be four and, as a result, the outer shape 
of the semiconductor light-emitting device 3 becomes a 
roughly 14-hedron. 

[0084] And the p-type GaP Wafer 15 has a thickness of 250 
pm and is Zn doped in a concentration of 3 E17/cm3. On the 
other hand, the n-type GaP Wafer 16 has a thickness of 250 
pm and is Si doped in a concentration of 3 E17/cm3 and in 
the region of the middle part along the bonding surface With 
the light-emitting layer forming portion 30, a high carrier 
concentration layer 23 Which is Si doped in a concentration 
of, for eXample, not less than 1 E18/cm3 is formed. The 
manufacturing method of the semiconductor light-emitting 
device 3 in Which these p-type and n-type GaP Wafers 15, 16 
are used is the same as in the ?rst embodiment. 

[0085] When the semiconductor light-emitting device 3 is 
energiZed from the p-side electrode 41 and n-side electrode 
42 thereof, the current ?oWs selectively through the high 
carrier concentration layer 23 of loW resistance. As a result, 
the current channel is limited to the middle part of the 
light-emitting layer forming portion 30. Therefore, injected 
carriers bond again in a concentrated manner in the active 
layer 35 in the middle part of this light-emitting layer 
forming portion 30 and emit light. The area of the light 
emitting portion in the middle part is about 1/6 of the junction 
surface of the light-emitting layer forming portion 30. The 
light emitted in all directions becomes incident on the 
substantially transparent p-type and n-type GaP Wafers 15, 
16 from the light-emitting layer forming portion 30 and 
advances to the interface Which de?nes the outer shape of 
the p-type and n-type GaP Wafers 15, 16. 

[0086] The semiconductor light-emitting device 3 has the 
same structure as in the ?rst embodiment, With the exception 
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that the means to limit the current channel to the middle part 
of the light-emitting layer forming portion 30 is different 
from the means used in the ?rst embodiment. As a result, the 
luminance of the semiconductor light-emitting device 3 
relative to inputted poWer, i.e., the light extraction ef?ciency 
is almost the same as in the ?rst embodiment. 

[0087] The current channel Which connects the p-side 
electrode 41 and the n-side electrode 42 together is caused 
to How current easily by providing the high carrier concen 
tration layer 23 of loW resistance and the light emitting 
portion is limited to the middle part of the light-emitting 
layer forming portion 30, Whereby an increase in the light 
extraction ef?ciency could be veri?ed. Incidentally, although 
an example in Which the high carrier concentration layer 23 
is formed in the n-type GaP Wafer 16 has been described, it 
is possible to form a high carrier concentration layer (not 
shoWn) in the p-type GaP Wafer 15. Also, a high carrier 
concentration layer may be formed in each of the n-type GaP 
Wafer 16 has been described, it is possible to form a high 
carrier concentration layer (not shoWn) in each of the p-type 
and n-type GaP Wafers 15, 16. 

Embodiment 4 

[0088] A semiconductor light-emitting device related to 
the fourth embodiment of the present invention, including 
the manufacturing method thereof, Will be described by 
referring to FIGS. 6 and 7. FIG. 6 is a sectional vieW Which 
schematically shoWs the construction of a semiconductor 
light-emitting device. FIG. 7 is a plan vieW Which sche 
matically shoWs the construction of this semiconductor 
light-emitting device during the manufacturing thereof. As 
shoWn in FIG. 6, this embodiment differs from the ?rst 
embodiment in that the outer shape is roughly spherical, that 
the center part of a p-type GaP Wafer in contact With the 
principal surface of a light-emitting layer forming portion is 
circular, that an n-side electrode is formed in circular shape. 
Hereafter, the same component parts as in the ?rst embodi 
ment are designated by like reference numerals, their 
descriptions are omitted, and only different component parts 
are described 

[0089] First, as shoWn in FIG. 6, the component elements 
of the main part of a semiconductor light-emitting device 4 
are the same as in the ?rst embodiment, With the exception 
of the shape of the middle part of a p-type GaP Wafer 17 
Which forms a junction With the principal surface of the 
light-emitting layer forming portion 40, the shape of an 
n-side electrode 44, the outer shape, etc. 

[0090] More speci?cally, the middle part of the p-type 
GaP Wafer 17 having an energiZable carrier concentration 
Which forms a junction With the upper side of the draWing 
shoWn in FIG. 6, i.e., With the principal surface of the upper 
side of the light-emitting layer forming portion 40 is circular. 
In a surrounding region along the light-emitting layer form 
ing portion 40 in the middle part of this circular p-type GaP 
Wafer 17, inversion layer 25 in Which the conductivity type 
is inversed to the n-type by ion implantation are formed. The 
inversion layer 25 de?nes a circular boundary along the 
light-emitting layer forming portion 40 and it is preferred 
that the area of this circle be approximately 1A1 to 1/10 of the 
Whole area Which forms a junction With the light-emitting 
layer forming portion 40 including the inversion layer 25. In 
this embodiment, this area is about 1/6. Surfaces other than 
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a surface on Which a p-side electrode 41 parallel to the 
light-emitting layer forming portion 40 is formed, are 
formed in hemispherical shape to provide roughly spherical 
surfaces. 

[0091] The light-emitting layer forming portion 40 present 
in the center part in the vertical direction of the draWing 
shoWn in FIG. 6 is constituted by epitaxial groWth layers 
similar to those of the ?rst embodiment. The part forming 
the outer shape of the light-emitting device 4 of the light 
emitting layer forming portion 40 is approximately the same 
as in the ?rst embodiment, With the exception that this part 
forms a thin circular cylinder having a length equivalent to 
the loWer thickness of the light-emitting layer forming 
portion 40. 

[0092] In the n-type GaP Wafer 18 having an energiZable 
carrier concentration Which forms a junction With the loWer 
side of the draWing shoWn in FIG. 6, i.e., With the principal 
surface of the loWer side of the light-emitting layer forming 
portion 40, surfaces other than a surface on Which the n-side 
electrode 44 parallel to the light-emitting layer forming 
portion 40 is formed, are formed in hemispherical shape to 
provide roughly spherical surfaces. Therefore, the semicon 
ductor light-emitting device 4 is formed from roughly 
spherical surfaces, With the exception of the p-side and 
n-side electrodes 41, 11 parallel to the light-emitting layer 
forming portion 40. 

[0093] Next, the details of the component elements of the 
semiconductor light-emitting device 4 Will be described 
according to the How of manufacturing steps. By practically 
adopting the manufacturing process of the ?rst embodiment 
to the step before separation into individual devices, the 
semiconductor light-emitting device 4 can be obtained. 
HoWever, because the shape of the middle part of the p-type 
GaP Wafer 17 Which is in contact With the principal surface 
of the light-emitting layer forming portion 40 and is 
encircled by an inversion layer 25 is circular, it is necessary 
to make a change to patterning Which realiZes this and, at the 
same time, because the shape of an n-side electrode 44 is 
circular, it is necessary to make a change to patterning Which 
realiZes this. 

[0094] Furthermore, in order to approximate the shape of 
a ?nal semiconductor light-emitting device 4 similar to a 
sphere, the arrangement pattern of individual semiconductor 
light-emitting device structures 7 is changed to adapt to a 
shape permitting dicing in three directions intersecting each 
other at 60 degrees, i.e., to an arrangement having the outer 
shape of a hexagon on the plan vieW as shoWn in FIG. 7. In 
this case, the arrangement is such that a triangular part 51 to 
be discarded is generated on the plan vieW in the middle part 
enclosed by three adjacent semiconductor light-emitting 
device structures 7. 

[0095] And as shoWn in FIG. 7, the semiconductor light 
emitting device structures 7 provided With the p-side and 
n-side electrodes 41, 44 are separated into individual 
devices. Incidentally, for both the p-side and n-side elec 
trodes 41, 44, the spacing betWeen adjacent electrodes is 
about 577 pm. The p-side electrode 41 is a circle of 100 pm 
diameter and the n-side electrode 44 is a circle of 200 pm 
diameter. The p-side and n-side electrodes 41, 44 are dis 
posed in the center part of the surfaces, on Which the 
electrodes are formed, after separation into individual 
devices. 
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[0096] In separation into individual devices, on the p-type 
GaP Wafer 17 side, a diamond blade (not shown) having a 
V-shaped section With a blade tip angle of 70 degrees is 
prepared and V-shaped grooves having a depth of, for 
example, about 250 pm are formed in the directions inter 
secting each other at 60 degrees by use of a dicer (not 
shoWn). At this time, the side opposite to the side Where the 
V-shaped grooves are formed is protected, for example, With 
an adhesive tape (not shoWn). 

[0097] Next, on the n-type GaP Wafer side 18 side, a 
diamond blade having a V-shaped section With a blade tip 
angle of 60 degrees is prepared and V-shaped grooves 
having a depth of, for example, about 250 pm are formed in 
the directions intersecting each other at 60 degrees by use of 
a dicer (not shoWn). When the depth of the V-shaped grooves 
has reached about 250 pm, the V-shaped grooves reach the 
V-shaped grooves on the opposite side in opposed positional 
relation, With the result that the semiconductor light-emit 
ting device structure 7 is separated along the cutting line. 
That is, the separated semiconductor light-emitting device 
structure 7 Which is a hexagon and roughly 14-dedron on the 
plan vieW as shoWn in FIG. 7, is completed on an adhesive 
tape (not shoWn) reapplied to the opposite side. Incidentally, 
the depth of the V-shaped grooves may be about 240 pm 
each from both sides and the grooves may be ?nally sepa 
rated by cleavage or braking under applied stress. 

[0098] Next, the semiconductor light-emitting device 
structures 7 on an adhesive tape Which have been separated 
as individual ones are spaced greatly from each other by 
expanding the adhesive tape and etched thereafter in a 
hydrochloric acid based etchant. The corners, sides and the 
like of the semiconductor light-emitting device structure 7, 
Which is a polyhedron, are etched relatively fast, and as a 
result, the polyhedron becomes close to a spherical shape. 
And a semiconductor light-emitting device 4 having a 
roughly spherical shape as shoWn in FIG. 6 is obtained. 

[0099] After the p-side electrode 41 and the n-side elec 
trode 44 are each brought into a condition permitting con 
nection With an outer poWer source for driving, this semi 
conductor light-emitting device 4 is sealed, usually, With 
epoxy resin (not shoWn) and used. 

[0100] When the semiconductor light-emitting device 4 is 
energiZed from the p-side electrode 41 and n-side electrode 
44 thereof, the current is limited to the middle part of the 
light-emitting layer forming portion 40 as in the ?rst 
embodiment and the semiconductor light-emitting device 4 
emits light. For example, much of the light Which is emitted 
from the light-emitting layer forming portion 40 limited to 
the middle part, is taken out, at a critical angle of not more 
than about 27 degrees, from the interface or spherical 
surface on Which the p-side or n-side electrode 41, 44 
parallel to the light-emitting layer forming portion 40 to the 
outside and part of the light is re?ected from the p-side or 
n-side electrode 41, 44 and taken out to the outside from the 
opposite direction. 

[0101] For comparison, the second comparative semicon 
ductor light-emitting device (not shoWn) Was fabricated in 
Which the inversion layer 25 of the semiconductor light 
emitting device 4 is not formed and all other constitutional 
features are the same as the semiconductor light-emitting 
device 4. It became apparent that the luminance of the 
semiconductor light-emitting device 4 relative to inputted 
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poWer, i.e., the light extraction efficiency is about 25% better 
than in the second comparative semiconductor light-emit 
ting device. When compared to the semiconductor light 
emitting device 1 fabricated in the ?rst embodiment, it 
became apparent that the light extraction ef?ciency of the 
light-emitting device 4 is about 20% improved. As a result, 
it became apparent that the effect of the improvement of the 
light extraction ef?ciency obtained by limiting the current 
channel to the center part of the light-emitting layer forming 
portion 40 is equal to or better than the effect of the 
improvement of the improvement of the light extraction 
ef?ciency obtained by changing the outer shape of the 
semiconductor light-emitting device 4 from a polygonal 
shape to a roughly spherical shape. 

[0102] In the semiconductor light-emitting device 4, it 
could be ascertained that a further improvement in the 
luminous ef?ciency relative to inputted poWer is achieved by 
narroWing the current channel Which connects the p-side 
electrode 41 and the n-side electrode 44 together and lim 
iting the light emitting portion to the middle part of the 
light-emitting layer forming portion 40 to from a roughly 
spherical outer shape. Incidentally, it is possible to limit the 
current channel by forming a high carrier concentration 
layer adopted in the third embodiment. 

[0103] The present invention is not limited to the above 
described embodiments and can be carried out through 
various modi?cations Without departing from the gist of the 
present invention. 

[0104] For example, in the above-described embodiments, 
the means to use the inversion layer formed in the peripheral 
part of a GaP Wafer near the junction surface With the 
light-emitting layer forming portion and the means to use a 
high carrier concentration layer formed in the middle part 
Were separately incorporated. HoWever, When the tWo 
means are applied simultaneously, this does not provide a 
disadvantage even When this provides an advantage. That is, 
the current channel can be limited by using at least one 
means in at least one of the p-type and n-type GaP Wafers in 
contact With the tWo principal surfaces of the light-emitting 
layer forming portion. Therefore, it is permissible to use 
these means by appropriately incorporating them in the 
p-type and n-type GaP Wafers. Also, it is possible to combine 
the means to use the projection formed in the middle part 
(the recesses formed in the peripheral part) in place of the 
inversion layer formed in the peripheral part. 

[0105] Although examples in Which a p-type or n-type 
GAP Wafer is used as the semiconductor substrate transpar 
ent to the light emitted in the light-emitting layer forming 
portion Were shoWn, semiconductor substrates other than 
GaP may be used so long as they are semiconductor sub 
strates Which are transparent to the Wavelength of the 
emitted light and have electrical conductivity. 

[0106] The formation of an inversion layer or a high 
carrier concentration layer by the introduction of an impurity 
can be performed by thermal diffusion, plasma doping, etc. 
in addition to ion implantation. In all of these cases, by 
introducing an impurity to the semiconductor substrate side, 
it is possible to easily limit the current channel While 
avoiding the possibility of affecting the Wavelength etc. of 
the emitted light due to the deterioration of the light-emitting 
layer forming portion, unlike a case Where the means to limit 
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the current channel to the middle part of the light-ernitting 
layer forming portion is formed on the light-ernitting layer 
forming portion. 
[0107] In order to form a roughly spherical outer shape of 
a semiconductor light-ernitting device, examples in Which 
the plan vieW shape of a semiconductor light-ernitting 
device structure in the previous step is a hexagon. HoWever, 
for example, an octagon or other polygons may be used. 

What is claimed is: 
1. A serniconductor light-ernitting device, comprising: 

a light-ernitting layer forming portion Which has a pn 
junction perrnitting light emission at a speci?c Wave 
length and has tWo principal surfaces opposite each 
other; 

a semiconductor substrate of a ?rst conductivity type 
Which is integrally joined to one principal surface of the 
light-ernitting layer forming portion and is substantially 
transparent to the Wavelength, the semiconductor sub 
strate of the ?rst conductivity type having a joined 
surface on the one principal surface of the light 
ernitting layer forming portion, an outer side surface 
Which is inclined so that the Width is large on a side 
near the light-ernitting layer forming portion and 
becomes narroW on a side away from the light-ernitting 
layer forming portion and a further surface opposite the 
joined surface of the semiconductor substrate of the 
?rst conductivity type; 

a ?rst electrode Which is disposed on the further surface 
of the semiconductor substrate of the ?rst conductivity 
type; 

a semiconductor substrate of a second conductivity type 
Which is integrally joined to the other principal surface 
of the light-ernitting layer forming portion and is sub 
stantially transparent to the Wavelength, the second 
conductivity being reverse to the ?rst conductivity, the 
semiconductor substrate of the second conductivity 
type having a joined surface on the other principal 
surface of the light-ernitting layer forming portion, an 
outer side surface Which is inclined so that the Width is 
large on a side near the light-ernitting layer forming 
portion and becomes narroW on a side away from the 
light-ernitting layer forming portion and a further sur 
face opposite the joined surface of the semiconductor 
substrate of the second conductivity type; 

a second electrode Which is disposed on the further 
surface of the semiconductor substrate of the second 
conductivity type; and 

a semiconductor layer selectively formed in a region of at 
least one of the semiconductor substrate of the ?rst 
conductivity type and the semiconductor substrate of 
the second conductivity type, an impurity being intro 
duced into the semiconductor layer so that a current is 
caused to How in concentrated manner through a 
middle part of the principal surfaces of the light 
ernitting layer forming portion via the ?rst electrode 
and the second electrode. 

2. The semiconductor light-ernitting device according to 
claim 1, 

Wherein the conductivity type of the semiconductor layer 
is reverse to the conductivity type of the semiconductor 

Mar. 2, 2006 

substrate on Which the semiconductor layer is formed 
and the semiconductor layer is formed around a middle 
part of the joined surface of the semiconductor sub 
strate on Which the semiconductor layer is formed. 

3. The semiconductor light-ernitting device according to 
claim 2, 

Wherein the semiconductor layer formed around the 
middle part of the joined surface has an inner circurn 
ference having a rectangular plane shape and the area 
of the rectangle is about 1A to about 1/10 of the area of 
the joined surface on the principal surface of the 
light-ernitting layer forming portion. 

4. The semiconductor light-ernitting device according to 
claim 2, 

Wherein the semiconductor layer is formed in a middle 
part of the joined surface of the semiconductor sub 
strate on Which the semiconductor layer is formed, has 
the same conductivity type as the conductivity type of 
the semiconductor substrate on Which the serniconduc 
tor layer is formed, and has a carrier concentration 
Which is higher than that of portions other than the 
middle part of the semiconductor substrate on Which 
the semiconductor layer is formed. 

5. The semiconductor light-ernitting device according to 
claim 4, 

Wherein the carrier concentration of the semiconductor 
layer is not less than 1 E18/crn3. 

6. The semiconductor light-emitting device according to 
claim 4, 

Wherein the semiconductor layer formed in the middle 
part of the joined surface has an outer circurnference 
having a rectangular plane shape and the area of the 
rectangle is about 1A to about 1/10 of the area of the 
joined surface on the principal surface of the light 
ernitting layer forming portion. 

7. The semiconductor light-ernitting device according to 
claim 1, 

Wherein each of the semiconductor substrate of the ?rst 
conductivity type and the semiconductor substrate of 
the second conductivity type is roughly spherical. 

8. The semiconductor light-ernitting device according to 
claim 1, 

Wherein the light-ernitting layer forming portion, the 
semiconductor substrate of the ?rst conductivity type 
and the semiconductor substrate of the second conduc 
tivity type constitute a 14-hedron. 

9. The semiconductor light-ernitting device according to 
claim 1, 

Wherein the impurity is introduced into the semiconductor 
layer by one of ion implantation, thermal diffusion and 
plasma doping processes. 

10. A serniconductor light-ernitting device comprising: 

a light-ernitting layer forming portion Which has a pn 
junction perrnitting light emission at a speci?c Wave 
length and has tWo principal surfaces opposite each 
other; 

a semiconductor substrate of a ?rst conductivity type 
Which is integrally joined to one principal surface of the 
light-ernitting layer forming portion and is substantially 
transparent to the Wavelength, the semiconductor sub 
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strate of the ?rst conductivity type having a joined 
surface on the one principal surface of the light 
ernitting layer forming portion and a further surface 
opposite the joined surface of the semiconductor sub 
strate of the ?rst conductivity type; 

a ?rst electrode Which is disposed on the further surface 
of the semiconductor substrate of the ?rst conductivity 
type; 

a semiconductor substrate of a second conductivity type 
Which is integrally joined to the other principal surface 
of the light-ernitting layer forming portion and is sub 
stantially transparent to the Wavelength, the second 
conductivity being reverse to the ?rst conductivity, the 
semiconductor substrate of the second conductivity 
type having a joined surface on the other principal 
surface of the light-ernitting layer forming portion and 
a further surface opposite the joined surface of the 
semiconductor substrate of the second conductivity 
type; 

a second electrode Which is disposed on the further 
surface of the semiconductor substrate of the second 
conductivity type; and 

a semiconductor layer formed in a middle part of the 
joined surface of at least one of the semiconductor 
substrate of the ?rst conductivity type and the semi 
conductor substrate of the second conductivity type, an 
impurity of the same conductivity type as the conduc 
tivity type of the semiconductor substrate on Which the 
semiconductor layer is formed being introduced in the 
semiconductor layer so as to have a higher carrier 
concentration than portions other than the middle part 
of the semiconductor substrate on Which the sernicon 
ductor layer is formed; 

at least one of the semiconductor substrate of the ?rst 
conductivity type and the semiconductor substrate of 
the second conductivity type having an outer side 
surface Which is inclined so that the Width is large on 
a side near the light-ernitting layer forming portion and 
becomes narroW on a side away from the light-ernitting 
layer forming portion. 

11. The semiconductor light-ernitting device according to 
claim 10, 

Wherein the carrier concentration of the semiconductor 
layer is not less than 1 E18/crn3. 

12. The semiconductor light-ernitting device according to 
claim 10, 

Wherein the semiconductor layer formed in the middle 
part of the joined surface has a rectangular plane shape 
and the area of the rectangle is about 1A to about 1/10 of 
the area of the joined surface on the principle surface of 
the light-ernitting forrning portion is bonded. 

13. The semiconductor light-ernitting device according to 
claim 10, 

Wherein the impurity is introduced into the semiconductor 
layer by one of ion implantation, thermal diffusion and 
plasma doping processes. 

14. The semiconductor light-ernitting device according to 
claim 10, 

Wherein each of the semiconductor substrate of the ?rst 
conductivity type and the semiconductor substrate of 
the second conductivity type is roughly spherical. 
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15. The semiconductor light-ernitting device according to 
claim 10, 

Wherein the light-ernitting layer forming portion, the 
semiconductor substrate of the ?rst conductivity type 
and the semiconductor substrate of the second conduc 
tivity type constitute a 14-hedron. 

16. A serniconductor light-ernitting device comprising: 

a light-ernitting layer forming portion Which has a pn 
junction perrnitting light emission at a speci?c Wave 
length and has tWo principal surfaces opposite each 
other; 

a semiconductor substrate of a ?rst conductivity type 
Which is integrally joined to one principal surface of the 
light-ernitting layer forming portion and is substantially 
transparent to the Wavelength, the semiconductor sub 
strate of the ?rst conductivity type having a joined 
surface on the one principal surface of the light 
ernitting layer forming portion, an outer side surface 
Which is inclined so that the Width is large on a side 
near the light-ernitting layer forming portion and 
becomes narroW on a side away from the light-ernitting 
layer forming portion and a further surface opposite the 
joined surface of the semiconductor substrate of the 
?rst conductivity type; 

a ?rst electrode Which is disposed on the further surface 
of the semiconductor substrate of the ?rst conductivity 
type; 

a semiconductor substrate of a second conductivity type 
Which is integrally joined to the other principal surface 
of the light-ernitting layer forming portion and is sub 
stantially transparent to the Wavelength, the second 
conductivity being reverse to the ?rst conductivity, the 
semiconductor substrate of the second conductivity 
type having a joined surface on the other principal 
surface of the light-ernitting layer forming portion, an 
outer side surface Which is inclined so that the Width is 
large on a side near the light-ernitting layer forming 
portion and becomes narroW on a side away from the 
light-ernitting layer forming portion and a further sur 
face opposite the joined surface of the semiconductor 
substrate of the second conductivity type; and 

a second electrode Which is disposed on the further 
surface of the semiconductor substrate of the second 
conductivity type; 

at least one of the semiconductor substrate of the ?rst 
conductivity type and the semiconductor substrate of 
the second conductivity type having an interstice 
located near the outer side surface on a side close to the 
light-ernitting layer forming portion and around the 
joined surface on the principal surface of the light 
ernitting layer forming portion. 

17. The semiconductor light-ernitting device according to 
claim 16, 

Wherein at least one of the semiconductor substrate of the 
?rst conductivity type and the semiconductor substrate 
of the second conductivity type has a projection pro 
vided in a middle part of the semiconductor substrate 
on the light-ernitting layer forming portion side and is 
joined to the light-ernitting layer forming portion With 
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the projection being aligned so as to correspond to a 
middle part of the light-ernitting layer forming portion. 

18. The semiconductor light-ernitting device according to 
claim 17, 

Wherein the projection has a rectangular plane shape and 
the area of the rectangle is about 1A to about 1/10 of the 
area of the principal surface of the light-ernitting layer 
forming portion to Which the semiconductor substrate 
having the projection is joined. 

19. The semiconductor light-ernitting device according to 
claim 16, 

Wherein periphery of the light-ernitting layer forming 
portion near the outer side surfaces of the serniconduc 
tor substrate of the ?rst conductivity type and the 
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semiconductor substrate of the second conductivity 
type is removed to form the interstice. 

20. The semiconductor light-ernitting device according to 
claim 19, 

Wherein the light-ernitting layer forming portion has a 
rectangular plane shape and the area of the rectangle 
has about 1A to about 1/10 of the area of principal 
surfaces of the semiconductor substrate of the ?rst 
conductivity type and the semiconductor substrate of 
the second conductivity type on a side close to the 
light-ernitting layer forming portion. 


